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Description 

[0001] The present invention relates to a new catalyst, a process for preparing the catalyst and processes for the 
dehydrogenation of dehydrogenatable C 2 . 3 o hydrocarbons, preferably C2-5 paraffins, using the new catalyst. 
[0002] The dehydrogenation of paraffins to olefins is of considerable commercial importance due to the need for ole- 
fins for the manufacture of products such as high octane gasolines, synthetic elastomers, detergents, plastics, ion 
exchange resins and pharmaceutical products. For a dehydrogenation process to be commercially useful, it must utilize 
catalysts exhibiting a high activity, a high rate of conversion, a high selectivity for the formation of olefins, and a high 
stability. 

[0003] A large number of catalysts are previously known for the dehydrogenation of paraffins. These catalysts com- 
prise a solid carrier material on an inorganic oxide basis and various catalytic metals and promoter metals deposited 
on the carrier material or incorporated into the carrier material by other means. Carrier materials on an alumina basis 
have been widely used in such dehydrogenation catalysts. 

[0004] U.S. Pat. No. 4.788.371 discloses such catalyst and a process for the steam dehydrogenation of dehydrogen- 
atable hydrocarbons with oxidative reheating. A dehydrogenatable C 2 . 3 o hydrocarbon, steam and an oxygen-containing 
gas are contacted in a reaction zone with a catalyst comprising a Group VIII noble metal, one or more components 
selected from lithium, potassium, rubidium, cesium and francium, and a component selected from boron, gallium, 
indium germanium, tin and lead, deposited on an inorganic oxide carrier material. The preferred carrier material is alu- 
mina having a surface area of 1-500 rr^/g. preferably 5-120 nfVg. Alumina is employed as the catalyst carrier in all the 
working examples of the patent. A preferred catalyst according to said U.S. patent contains about 0.70 wt.% of platinum, 
about 0.50 wt.% of tin and about 3.86 wt.% of cesium, and has a surface area of about 85 m /g. 
[0005] Mixtures of magnesium oxide MgO and alumina Al 2 0 3 and mixed oxides of Mg and Al have also been utilized 
as catalysts, and as carrier materials for catalysts. International Patent Application No. PCT/JP89/00053 discloses an 
alkoxylation'catalyst comprising a magnesium oxide that has been modified by adding thereto at least one tnvalent 
metal ion. preferably selected from A! 3+ and Ga 3+ . British Patent Application GB 2,225.731 discloses a catalyst for 
hydrotreatment e.g. hydrodemetallization or hydrodesulphurization. comprising in a substantially homogenous phase 
magnesia and alumina wherein the molar ratio of Mg to Al is preferably from 3:1 to 10:1 . together with a Group VI metal 
and/or at least one Group VIII metal. 

[0006] It has now been found that if a mixed oxide of Mg and Al is used in combination with a Group VIII noble metal 
and certain promoters of the kind disclosed in the above-mentioned U.S. Pat. No. 4,788,371 . a catalyst can be obtained 
which exhibits improved activity and stability when used for dehydrogenating dehydrogenatable hydrocarbons. 
[0007] Thus the invention provides a catalyst comprising a combination of a carrier, constituted essentially by a mixed 
oxide of magnesium and aluminum Mg(AI)O t a Group VIII noble metal, a Group IVA metal, and optionally a Group IA 

alkali metal. e . , , ' 

[0008] Preferably, the catalyst has been subjected to a pretreatment comprising a reduction, preferably in hydrogen, 
a subsequent oxidation, preferably in air optionally mixed with nitrogen, and finally a second reduction, preferably in 
hydrogen (ROR pretreatment; ROR = Reduction-Oxidation- Reduction). 

[0009] The Group VIII noble metal is preferably selected from platinum and palladium, with platinum being the most 
preferred. The Group IVA metal is preferably selected from tin and germanium, with the most preferred metal being tin. 
[0010] It has further been shown that the selectivity of the new catalysts in a dehydrogenation process is further 
improved by including therein a Group IA alkali metal, preferably cesium or potassium, most preferably cesium. 
[001 1 ] It is remarkable that the new catalyst exhibits a very high activity in the dehydrogenation of hydrocarbons even 
with a low content of Group VIII noble metal of e.g. 0.2-0.4 wt.%. 
[001 2] The catalyst of the invention may advantageously contain: 

0.05 - 5.0 wt.% Group VIII noble metal. 
0.05 - 7.0 wt.% Group IVA metal, 
0 - 5.0 wt.% Group I A metal, 

so calculated on the total weight of the catalyst. 

[001 3] Preferably, the catalyst of the invention contains: 

0.1 - 1.0 wt.% Group VIII noble metal, 
0.1 - 3.0 wt.% Group IVA metal, 
55 0 - 0.7 wt.% Group IA metal, 

calculated on the total weight of the catalyst. 

[0014] More preferably, the catalyst of the invention contains: 
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0.2 - 0.4 wt.% Group VIII noble metal, 
0.3 - 1 .5 wt.% Group IVA metal, 
0 - 0.6 wt.% Group I A metal, 

calculated on the total weight of the catalyst. 

[001 5] When the catalyst of the invention contains a metal of Group I A the amount thereof is usually 0.1-1 .0 wt.%. 
preferably 0.3-0.7 wt.%. and more preferably 0.4-0.6 wt.%. 

[001 6] The Group VIII metal, the Group IVA metal and the optional Group IA metal can be incorporated into the carrier 
by any of the methods known in the art. A preferred method consists in impregnating the oxide carrier with solutions or 
suspensions of decomposable compounds of the metals to be incorporated. 

[001 7] The catalyst and its preparation is described in more detail below with reference to embodiments wherein plat- 
inum tin and optionally cesium are deposited on the earner material, but the description is also valid for the deposition 
of other metals within the scope of the invention, with any adaptations that will be obvious to a person skilled in the art. 
[001 8] The mixed oxide of magnesium and aluminum, Mg(AI)0, which is utilized as a carrier material in the catalyst 
of the invention, can be prepared by adding a solution of sodium hydroxide and sodium carbonate to a solution of mag- 
nesium nitrate and aluminum nitrate according to the method described in Journal of Catalysis 94 (1985). pp. 547-557. 
Instead of sodium hydroxide and sodium carbonate, potassium hydroxide and potassium carbonate can be used, see 
Applied Catalysis 54 (1989) pp. 79-90. By evaporation (drying) of the above mentioned mixtures the compound 
hydrotalcite Mg 6 AI 2 (OH) 16 C0 3 4H 2 0, is formed, which compound is calcined at 500° to 800°C to give Mg(AI)0. It is pre- 
ferred however to modify this process somewhat by using ammonium hydroxide and ammonium carbonate instead of 
the respective'eompounds sodium hydroxide/potassium hydroxide and sodium carbonate/potassium carbonate, 
whereby a larger and more stable surface area is obtained. The obtained Mg(AI)0 is characterized by a magnesia 
structure wherein some of the magnesium atoms are replaced by aluminum atoms. The molar ratio of Mg to Al is typi- 
cally ranging from 1 :1 to 10:1 , and the surface area is typically ranging from 1 00 to 300 nfVg, preferably from 1 40 to 210 
m 2 /g The particle size can be in the range of 100 urn to 20 mm. 

[001 9] The deposition of platinum and tin on the Mg(AI)0 carrier material can advantageously be carried out in one 
step e g by using tin chloride and hexachloroplatinic acid dissolved in ethanol. A method for depositing platinum and 
tin in a single step is described in J. Catalysis. Vol. 1 28. 1 991 . page 1 . By carrying out a simultaneous deposition of plat- 
inum and tin on the Mg(AI)0 material, the number of required calcination steps is reduced, which makes it easier to 
obtain a high surface area of the Mg(AI)0 material. Other suitable impregnation procedures are described in the above- 
mentioned U.S. Pat. No. 4,788,371 , in U.S. Pat. No. 4.962,265 and in EP 0,098,622. 

[0020] In cases where the catalyst shall contain cesium, a deposition of cesium can be effected in a separate step, 
after the deposition of tin and platinum and the subsequent calcination, using cesium nitrate dissolved in water. The 
impregnation with cesium nitrate can be carried out as described in U.S. Pat. No. 4,788,371 . 

[00211 The ROR pretreatment of the catalyst is conveniently effected by carrying out a reduction of the catalyst in 
hydrogen, a subsequent oxidation in air optionally mixed with nitrogen, and finally a second reduction in hydrogen The 
pretreatment can be carried out at temperatures in the range of 500° to 700°C and by using space velocities (GHSV) 
for the treatment gases of 10 to 100,000 N ml g' 1 h\ preferably 100 to 5000 N ml g" 1 h \ The initial reduction of the 
catalyst with hydrogen is carried out for a period of 1 minute to 10 hours, usually for about 2 hours. The subsequent 
oxidation of the reduced catalyst in air optionally mixed with nitrogen is carried out for a period of 1 minute to 10 hours, 
usually for about 2 hours. The oxidation may advantageously be accomplished by first treating the catalyst for about 1 
hour in a stream of nitrogen containing about 20% by volume of air, and then treating it for about 1 hour in pure air. The 
final reduction with hydrogen is carried out under similar conditions as the initial reduction. 

[00221 Thus, the invention also relates to a process for preparing the above^described ROR pretreated catalyst. The 
process is characterized by the steps of incorporating a Group VIII noble metal, a Group IVA metal and optionally a 
Group IA alkali metal into a carrier consisting essentially of a mixed oxide of magnesium and aluminum Mg(AI)0. and 
subjecting the material thus obtained to a pretreatment (ROR pretreatment) comprising a reduction, preferably in hydro- 
gen, a subsequent oxidation, preferably in air optionally mixed with nitrogen, and finally a second reduction, preferably 

[OOaSJ^The invention further provides a process for dehydrogenating dehydrogenatable C 2 _3o hydrocarbons, prefera- 
bly C 2 5 paraffins, comprising contacting the hydrocarbons, under suitable dehydrogenation conditions in one or more 
reaction zones, with a solid catalyst comprising a combination of a carrier, constituted essentially by a mixed oxide of 
magnesium and aluminum Mg(Al)0. a Group Vlll noble metal, a Group IVA metal and optionally a Group IA alkali metal. 
[0024] In accordance with usual practice in the dehydrogenation of hydrocarbons, the hydrocarbons are preferably 
contacted with the solid catalyst in a gaseous phase, mixed with usual additives such as steam, nitrogen and hydrogen. 
The feed mixture containing the hydrocarbons is preferably introduced into a reactor having one or more fixed catalyst 
beds and the dehydrogenation is preferably carried out at a temperature ranging from 500° to 700°C. at a pressure 
ranginG from 0.5 to 1 .5 bars absolute, and using a space velocity (GHSV) ranging from 10 to 10.000 N ml g' h . 
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[0025] The new catalyst has also been shown to be very suitable in cases where the dehydrogenation of hydrocar- 
bons is carried out in combination with admixing of oxygen and combustion of hydrogen, because the new catalyst also 
exhibits a selective catalytic effect on the oxidation of hydrogen to water. 

[0026] It is well known in the art of dehydrogenating dehydrogenatable hydrocarbons that it is advantageous to oxidize 
5- with an oxygen-containing gas the hydrogen formed in the reaction. Because the dehydrogenation process is endother- 
mic, oxidation of the formed hydrogen can be utilized to maintain the desired reaction temperature during the dehydro- 
' genation. For such heating purpose it will often be advantageous even to add a supplementary amount of recirculated 
hydrogen to the reaction mixture. In addition to achieving a desired heat balance, the lowering of the hydrogen concen- 
tration in the reaction mixture resulting from the combustion will shift the equilibrium of the desired dehydrogenation 
io reactions in the direction of higher yields of unsaturated hydrocarbons. Although it will be advantageous for that reason 
to achieve a high hydrogen conversion, it is important however to avoid excessive concurrent oxidation of hydrocarbons, 
which would reduce the total yield of the process. It is therefore important to achieve a maximum of selectivity of the 
oxidation of the hydrogen formed in the dehydrogenation process. It has been found that such selective oxidation is 
achieved with the new catalyst. 

15 [0027] Thus, the invention also provides a process for dehydrogenating dehydrogenatable C 2 _ 30 hydrocarbons, pref- 
erably C2-5 paraffins, in combination with admixing of an oxygen-containing gas, preferably oxygen, and combustion of 
hydrogen, comprising contacting the hydrocarbons under suitable dehydrogenation conditions in one or more reaction 
zones, with a solid catalyst comprising a combination of a carrier, constituted essentially by a mixed oxide of magne- 
sium and aluminum Mg(AI)0. a Group VIII noble metal, a Group IVA metal and optionally a Group IA alkali metal. 

20 [0028] In accordance with usual practice in such dehydrogenation of hydrocarbons, the hydrocarbons are contacted 
with the solid catalyst in a gaseous phase, mixed with an oxygen-containing gas and with usual additives such as 
steam, any supplementary quantities of hydrogen, and nitrogen. The feed mixture containing the hydrocarbons is pref- 
erably introduced into a reactor having one or more fixed catalyst beds, with oxygen-containing gas being introduced 
and admixed with the feed stream even between the catalyst beds when more than one such bed is used. The dehy- 

25 drogenation is preferably carried out at a temperature ranging from 400° to 700°C, at a pressure ranging from 0.5 to 3 
bars absolute, and using a space velocity (GHSV) ranging from 10 to 10.000 N ml g* 1 h* 1 . 

[0029] In both of the two types of the dehydrogenation process the activity of the catalyst will decrease with time. 
When the activity has become undesirably low, the catalyst may be regenerated, e.g. in the same reactor. The regen- 
eration can be carried out by burning off the coke that has been formed on the catalyst, with an oxygen-containing gas 

30 for a period of time ranging from 1 minute to 10 hours, preferably in a stream of air optionally mixed with nitrogen. The 
catalyst is then subjected to a reduction treatment for a period of 1 minute to 10 hours in a stream of hydrogen. Said 
treatments are suitably carried out at 300° to 700°C using a space velocity (GHSV) for the treatment streams of 10 to 
10,000 N ml g" 1 h" 1 , preferably 100 to 5000 N ml g* 1 h" 1 . If desired, a redispersion of the noble metal, e.g. platinum, in 
the catalyst can be effected using a chlorine-containing gas after the burning off of the coke but prior to the reduction 

35 treatment. 

[0030] The regeneration of the catalyst restores to a substantial extent the original characteristics of the catalyst. The 
restoration of the activity and the selectivity of the catalyst will be more complete in the temperature range of 300°C to 
400°C than at the higher temperatures. Admixing nitrogen with the air stream utilized for the oxidation also tends to 
improve the restoration of the properties of the catalyst. 
40 [0031 ] Compared to the previously known dehydrogenation catalysts on an alumina basis, the new catalyst exhibits 
improved activity and improved stability. 
[0032] The following examples illustrate the invention. 

Example 1. 

45 

[0033] A Mg(AI)0 material having an atomic ratio of Mg to Al of 2:1 to 3:1 was prepared according to the following 
procedure: An aqueous solution of 1 .13 moles of NaOH and 0.045 mole of Na 2 C0 3 was treated with a solution of 0.91 
mole of Mg(N0 3 ) 2 6H 2 0 and 0.09 mole of AI(N0 3 ) 3 9H 2 0 at about 75°C (pH = 9.5). After filtration, washing and drying 
at about 1 00°C for about 1 5 hours, a hydrotalcite Mg 6 A^OH), 6 C0 3 4H 2 0 was formed. The structure was confirmed by 
so X-ray diffraction analysis. The material thus obtained was calcined at 700°C for about 15 hours, whereby Mg(AI)0 was 
formed. The structure was confirmed by X-ray diffraction analysis, and the surface area was measured to be 156 m /g. 

Example 2 

55 [0034] A Mg(AI)0 material having an atomic ratio of Mg to Al of 2:1 to 3:1 was prepared according to the following 
procedure: An aqueous solution of 1 .13 moles of NH 4 OH and 0.045 mole of (NH 4 ) 2 C0 3 was treated with a solution of 
0.91 mole of Mg(N0 3 ) 2 6H 2 0 and 0.09 mole of AI(N0 3 ) 3 9H 2 0 at a temperature of about 75°C (pH = 9.5). After filtration, 
washing and drying at about 100°C for about 15 hours, a hydrotalcite Mg 6 Al 2 (OH) 16 C0 3 4H 2 0 was formed. The mate- 
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rial thus obtained was calcined at 700°C for about 15 hours, whereby Mg(AI)0 was formed. The structure was con- 
firmed by X-ray diffraction analysis, and the surface area was measured to be 198 rrf/g. 

Example 3 

5 

[0035] A Mg(AI)0 material having a particle size of 300-400 *im. prepared according to Example 1 , was impregnated 
with a solution containing tin chloride and hexachloroplatinic acid and with a solution of cesium nitrate, according to the 
following procedure: 

0 1150 g SnCl22H 2 0 and 0.0805 g H 2 PtCI 6 6H 2 0 were dissolved in 60 ml of ethanol and the mixture was added to 10.1 
10 a of Mg(AI)0. After completion of the impregnation the material thus obtained was evaporated to dryness in a vacuum 
and was then dried at about 100°C for about 15 hours, whereupon the dried material was calcined at 560°C for about 
3 hours in air supplied in an amount of 100 cm 3 /min. 

[0036] 0.071 1 g CsN0 3 dissolved in 25 ml of water was then added to the calcined material. Upon completion of the 
impregnation, the material thus obtained was dried at about 100°C for about 15 hours. The dried material was calcined 
is at 560°C for about 3 hours in air supplied in an amount of 100 cm 3 /min. 

[0037] 3 g of the calcined product were then reduced at 600°C for 2 hours in a stream of H 2 supplied in an amount of 

20 cm 3 /min. . mm ^ 

[0038] The reduced product was then oxidized at 600°C for about 1 hour in a stream of N 2 containing 20% by volume 
of air. added in an amount of 50 cnvVmin. and for about 1 hour in pure air supplied in an amount of 50 cm /min. The 
20 oxidized product was then reduced in the same manner as before the oxidation. 
[0039] A catalyst was obtained which had the following chemical composition: 

0.3 wt.% Pt 
0.6 wt.% Sn 
25 0.5 wt.% Cs 

98.6 wt.% Mg(AI)0. 

[0040] The catalyst was tested for a dehydrogenation of propane in a microreactor equipped with a fixed catalyst bed , 
at the following conditions: 

30 



Dehydrogenation temperature: 


600°C 


Dehydrogenation pressure: 


1 bar abs. 


Space velocity (GHSV): 


2100 N ml g' 1 h" 1 


Amount of catalyst: 


3.0 g 


Composition of the feed stream: 


Propane 


35 Nml/min 


Hydrogen 


5 Nml/min 


Nitrogen 


25 Nml/min 


Steam 


41 Nml/min 



[0041 ] The results thereby obtained are given in Table 1 . 
so Example 4 - Comparison Example. 

[0042] The procedure of Example 3 was repeated, with the following exception: After the first reduction of the calcined 
product with H 2 . the oxidation in air-containing N 2 and the subsequent second reduction with H 2 were omitted. 
[0043] The catalyst was used for a dehydrogenation of propane under the same conditions as in Example 3. The 
55 results obtained are given in Table 1 . 
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Example 5 

• [0044] The procedure of Example 3 was followed, including the post-treatment consisting in a reduction, a subsequent 
oxidation and a second reduction (ROR pretreatment) of the calcined catalyst, but the impregnation with CsN0 3 for 
* incorporation of cesium was omitted. The impregnation with a solution containing tin chloride and hexachloroplatinic 
- acid was accomplished in the presence of quantities of tin chloride and hexachloroplatinic acid resulting in a catalyst 
having the chemical composition: 

0.3 wt.% Pt 
10 0.6 wt.% Sn 

99.1 wt.% Mg(AI)0. 

[0045] The catalyst was used for a dehydrogenation of propane under the same conditions as in Example 3. The 
results obtained are given in Table 1 . 

75 

Example 5 

[0046] A Mg(AI)0 material having a particle size of 300-400 urn, prepared according to Example 2, was impregnated 
with a solution containing tin chloride and hexachloroplatinic acid according to the following procedure: 
20 0 1 150 g SnCI 2 2H 2 0 and 0.0805 g H 2 PtCI 6 6H 2 0 were dissolved in 60 ml of ethanol and the mixture was added to 10.1 
g of Mg(AI)0. After completion of the impregnation the material thus obtained was evaporated to dryness in a vacuum 
and then dried at about 100°C for about 15 hours, whereupon the dried material was calcined at 560°C for about 3 
hours in air supplied in an amount of 100 cm 3 /min. 

[0047] 3 g of the calcined product were then reduced at 600°C for 2 hours in a stream of H 2 supplied in an amount of 

25 20 cm 3 /min. c ^ t nnaf . 

[0048] The reduced product was thereafter oxidized at 600°C for about 1 hour in a stream of N 2 containing 20% by 
volume of air. supplied in an amount of 50 cm 3 /min. and for about 1 hour in pure air supplied in an amount of 50 
cm 3 /min. The oxidized product was then reduced in the same manner as before the oxidation. 
[0049] A catalyst was obtained which had the following chemical composition: 

30 

0.3 wt.% Pt 
0.6 wt.% Sn 
99.1 wt.% Mg(AI)0. 

35 [0050] The catalyst was used for a dehydrogenation of propane under the same conditions as in Example 3. The 
results obtained are given in Table 1 . 

Example 7 

40 [0051 ] The procedure of Example 6 was followed, including the post-treatment consisting in a reduction, a subsequent 
oxidation and a second reduction (ROR pretreatment) of the calcined catalyst, but the impregnation with a solution con- 
taining tin chloride and hexachloroplatinic acid was accomplished in the presence of quantities of tin chloride and hex- 
achloroplatinum acid resulting in a catalyst having the chemical composition: 

45 0.3 wt.% Pt 

0.9 wt.% Sn 
98.8 wt.% Mg(AI)0. 

[0052] The catalyst was used in dehydrogenation of propane under the same conditions as in Example 3. The results 
so obtained are given in Table 1 . 

Example 8 

[0053] The procedure of Example 6 was followed, including the post-treatment consisting in a reduction, a subsequent 
55 oxidation, and a second reduction (ROR pretreatment) of the calcined catalyst, but the impregnation with a solution con- 
taining tin chloride and hexachloroplatinic acid was accomplished in the presence of such quantities of tin chloride and 
hexachloroplatinum acid that a catalyst was obtained having the chemical composition: 
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0.3 wt.% Pt 
1.2 wt.% Sn 
98.5 wt.% Mg(AI)0. 

- 5 [0054] The catalyst was used for a dehydrogenation of propane under the same conditions as in Example 3. The 
results obtained are given in Table 1 . 

Example 9 - Comparison Example. 

io [0055] A known dehydrogenation catalyst was prepared according to the process disclosed in U.S. Pat No. 
4,788,371. 0.179 g of SnCI 2 2H 2 0 dissolved in 14 ml of water was added to 18.8 g of e-alumina having a particle size 
of 100 to 400 urn. After completion of the impregnation, the resulting material was dried at about 100°C for about 6 
hours. The dried material was calcined for about 3 hours at 600°C in a stream of air supplied in an amount of 100 
cm 3 /min. 

15 [0056] 0.349 g of H 2 PtCI 6 6H 2 0 dissolved in 14 ml of water was added to the calcined material. After completion of 
the impregnation, the resulting material was dried at about 100°C for about 15 hours. The dried material was calcined 
for a period of 3 hours at 570°C in a stream of air containing 10% of steam and supplied in an amount of about 100 
cm 3 /min. 

[0057] 1.06 g of CsN0 3 dissolved in 14 ml of water were added to the calcined material. Upon completion of the 
20 impregnation, the resulting material was dried at about 100°C for about 30 hours. The dried material was calcined for 
about 3 hours at 570°C in an air stream supplied in an amount of about 100 cm 3 /min. 

[0058] 3 g of the obtained catalyst were then reduced at 600°C for about 2 hours in a stream of H 2 supplied in an 
amount of 20 cm 3 /min. 

[0059] A catalyst was obtained having the chemical composition: 



0.7 wt.% Pt 
0.5 wt.% Sn 
3.9 wt.% Cs 
94.9 wt.% e-alumina. 

30 

[0060] The catalyst was used for a dehydrogenation of propane under the same conditions as in Example 3. The 
results obtained are given in Table 1 . 

Example 10 - Comparison Example. 



[0061] A catalyst was prepared according to Example 9, whereupon 3 g of the reduced catalyst were oxidized at 
600°C for about 1 hour in a stream of N 2 containing 20% by volume of air, supplied in an amount of 50 cm 3 /min, and for 
about 1 hour in pure air supplied in an amount of 50 cm 3 /min. The oxidized product was then reduced in the same man- 
ner as before the oxidation, i.e. at 600°C for a period of 2 hours in a stream of H 2 supplied in an amount of 20 cm 3 /min. 
40 [0062] Thus, the post-treatment of the catalyst accomplished after the calcination corresponded to a ROR pretreat- 
ment as prescribed for the catalysts of the invention. 

[0063] The catalyst was used for a dehydrogenation of propane under the same conditions as in Example 3. The 
results obtained are given in Table 1. 
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[0064] The results in Table 1 show that a ROR pretreated catalyst of the invention provides a large increase in the 
propane conversion compared to a similar catalyst not having been subjected to such pretreatment (Example 3 com- 
pared to Example 4). The selectivity for forming propene is retained at about the same level, whereby the total yield of 
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propene is substantially increased. 

[0065] The results in Table 1 also show that an increase in the surface area of the Mg(AI)0 material from 1 56 rrr^/g to 
198 rr^/g results in a somewhat more stable catalyst and consequently in an increased yield of propene after 25 hours 
(Example 6 compared to Example 5). 

[0066] An increase of the catalysts* content of Sn from 0.6 wt.% to 0.9 wt.% appears to result in a further increased 
yield of propene (Example 7 compared to Example 6). 

[0067] The previously known catalyst of Example 9 gives a substantially lower yield of propene than the new catalysts 
(Examples 3, 5, 6, 7, 8). When the previously known catalyst of Example 9 is subjected to a complete ROR pretreat- 
ment as prescribed according to the invention (Example 10), the yield is improved even for said previously known cat- 
alyst. Nonetheless, the improving effect of the ROR pretreatment is not nearly as good for the known catalyst as for the 
new catalysts. Thus, the new catalysts also give a substantially better yield of propene than the ROR pretreated catalyst 
of Example 10. 

Example 11 

[0068] The performance of one of the new catalysts of the invention was compared to the performance of a previously 
known catalyst for a dehydrogenation of propane accomplished in combination with combustion of hydrogen with an 
oxygen-containing gas. The combination of dehydrogenation and hydrogen combustion was carried out in a reactor 
comprising two catalyst zones and an intermediary oxygen admixing zone. In addition to oxygen being added to the 
feed to the first catalyst zone, oxygen was also introduced into said oxygen admixing zone between said two catalyst 
zones. 

[0069] The new catalyst (I) consisted of 0.3 wt.% Pt and 1 .2 wt.% Sn on Mg(AI)0 and was a catalyst similar to the 
one of Example 8 above, except that it had been prepared with a particle size of 1 -2 mm. 

[0070] The known catalyst (II) was a catalyst according to U.S. Pat. No. 4,788,371, consisting of 0.65 wt.% Pt, 1.15 
wt.% Sn and 2.18 wt.% Cs on e-alumina. Catalyst (II) had been prepared according to said U.S. Pat. No. 4,788,371, as 
described in Example 9 above, except that similarly with the new catalyst (I) it had been prepared with a particle size of 
1 -2 mm. 

[0071] The conditions employed in the combined dehydrogenation and hydrogen combustion, and the results 
obtained, are summarized in the following Table 2. 
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TABLE 2 



5 " 


Dehydrogenation of propane to propene, with com- 
bustion of hydrogen. 






Cat. II™ 


Cat l< 2 > 




Amount of catalyst 






10 


Total (g) 


119.3 


77.6 


Step 1 (g) 


29.8 


19.1 




Step 2 (g) 


89.5 


58.5 




Main stream 






1K 

IS 


C3H 8 (N ml/min) 


1000 


1000 




H 2 (N ml/min) 


400 


400 




N 2 (N ml/min) 


45 


45 


20 


0 2 (N ml/min) 


130 


130 


H 2 0 (N ml/min) 


1040 


1040 




Admixed stream 








0 2 (N ml/min) 


130 


130 




N 2 (N ml/min) 


45 


45 




Other conditions 








Dehydrogen. temp. (°C) 


600 


600 


30 


(GHSV) (N ml g* 1 h 1 ) 


1400 


2100 




Results 








Conv. of C 3 H 8 (5h) (%) 


45 


57 




C-sel. to C 3 H 6 (5h) (%) 


94 


90 


35 


Conv. of C 3 H 8 (20h) (%) 


30 


55 




C-sel. to C 3 H 6 (20h)(%) 


95 


94 




Yield of C 3 H 6 (20h) (%) 


28.5 


51.7 


40 


Conv. of 0 2 (5h)(%) 


100 


100 


O-sel. to (H 2 Q) (5h) (%) 


88 


80 




Conv. ofO 2 (20h)(%) 


100 


100 




O-sel. to H 2 0 (20h) (%) 


95 


87 



(1) A catalyst according to U.S. Pat. 4,788,371 , con- 
taining 0.65 wt.% Pt, 1.15 wt.% Sn and 2.18 wt.% 
Cs on (0)-Al2O 3 . 

(2) A new catalyst, containing 0.3 wt.% Pt and 1 .2 
wt.% Sn on Mg(AI)Q. 



[0072] The results in Table 2 show that the new catalyst I and the known catalyst II, which are both described in Exam- 
ple 1 1 are both capable of achieving a selective oxidation of the hydrogen in the gas mixture. 

[0073] The conversion of propane C 3 H 8 , and thus the yield of propene C 3 H 6 , is substantially higher for the new cat- 
alyst than for the known catalyst, viz. 57% versus 45% after 5 hours, and 55% versus 30% after 20 hours of operation, 
respectively The higher propene yield was achieved in spite of the fact that the gas space velocity per gram of catalyst 
and per hour (GHSV) was higher for the new catalyst (2100 N ml g' 1 hf 1 versus 1 400 N ml g 1 h 1 for the known catalyst), 
and in spite of the fact that the content of active noble metal (platinum) was substantially lower in the new catalyst (0.3 
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wt % versus 0.65 wt.% in the known catalyst). The higher (GHSV) used with the new catalyst was due to the fact that 
this catalyst had a lower bulk weight than the known catalyst. As a consequence of the lower bulk weight of the new 
catalyst, the advantage resulting from its low content of platinum was even more important than suggested by the per- 
centual content alone. A low content of platinum in a commercial catalyst is important from an economical point of view. 
[0074] The selectivity for oxidation of hydrogen to water is somewhat higher for the known catalyst than for the new 
catalyst, viz. 88% versus 80% after 5 hours, and 95% versus 87% after 20 hours of operation, respectively. This may 
be explained at least partly by the fact that the lower propane conversion achieved by the known catalyst resulted in the 
formation of lesser amounts of the desired dehydrogenated product, propene. Thus, with the known catalyst the oxida- 
tion of hydrogen to water was less burdened by competing oxidation of propene to carbon oxides. 

Claims 

1 . A catalyst, characterized in that it comprises a combination of: 

a carrier constituted essentially by a mixed oxide of magnesium and aluminum Mg(AI)0 having generally a 
MgO structure in which Al 3+ cations have replaced part of the Mg 2+ cations, in which mixed oxide the molar 
ratio of magnesium to aluminum is ranging from 1 :1 to 10:1 ; 
a Group VIII noble metal; 
a Group IVA metal; 

and optionally a Group IA alkali metal. 

2. A catalyst according to claim 1 , characterized in that the molar ratio of magnesium to aluminum in the Mg(AI)0 
carrier is ranging from 2:1 to 5:1. 

3. A catalyst according to claim 1 or 2, characterized in that the surface area of the Mg(AI)0 carrier is from 10 to 400 
rrr^/g, preferably from 100 to 300 m 2 /g. more preferred from 140 to 210 rrr^/g. 

4. A catalyst according to any of claims 1 to 3, characterized in that it contains: 

0.05 - 5.0 wt.% Group VIII noble metal. 
0.05 - 7.0 wt.% Group IVA metal, 
0 - 5.0 wt.% Group IA metal, 

calculated on the total weight of the catalyst. 

5. A catalyst according to claim 4, characterized in that it contains 0. 1 -1 .0 wt.% of Group IA metal. 

6. A catalyst according to claim 4, characterized in that it contains: 

0.1 - 1.0 wt.% Group VIII noble metal, 
0.1 - 3.0 wt.% Group IVA metal, 
0 - 0.7 wt.% Group IA metal, 

calculated on the total weight of the catalyst. 

7. A catalyst according to claim 6, characterized in that it contains 0.3-0.7 wt.% of Group IA metal. 

8. A catalyst according to claim 6, characterized in that it contains: 

0.2 - 0.4 wt.% Group VIII noble metal, 
0.3 - 1 .5 wt.% Group IVA metal, 
0 - 0.6 wt.% Group IA metal, 

calculated on the total weight of the catalyst. 

9. A catalyst according to claim 8, characterized in that it contains 0.4-0.6 wt.% of Group IA metal. 

10. A catalyst according to any of claims 1 to 9. characterized in that the Group IVA metal is tin or germanium, prefer- 
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ably tin. 

. 1 1 . A catalyst according to any of claims 1 to 10. characterized in that the Group VIII noble metal is platinum or palla- 
dium, preferably platinum. 

1 2. A catalyst according to any of claims 1 to 1 1 , characterized in that the Group I A alkali metal is cesium or potas- 
sium, preferably cesium. 

1 3. A process for preparing a catalyst comprising a combination of a carrier constituted essentially by a mixed oxide of 
w magnesium and aluminum Mg(Al)0 having generally a MgO structure in which Al 3+ cations have replaced part of 

the Mg 2+ cations, in which mixed oxide the molar ratio of magnesium to aluminum is ranging from 1 :1 to 10:1 . pref- 
erably from 2:1 to 5:1 ; a Group VIII noble metal; a Group IVA metal; and optionally a Group IA alkali metal, char- 
acterized by the steps of incorporating a Group VIII noble metal, a Group IVA metal and optionally a Group IA alkali 
metal into a carrier consisting essentially of a mixed oxide of magnesium and aluminum Mg(AI)0. in which mixed 
is oxide the molar ratio of magnesium to aluminum is ranging from 1 :1 to 10:1, preferably from 2:1 to 5:1 , and subject- 
ing the material thus obtained to a pretreatment (ROR pretreatment) comprising a reduction, preferably in hydro- 
gen, a subsequent oxidation, preferably in air optionally mixed with nitrogen, and finally a second reduction, 
preferably in hydrogen. 

20 1 4. A process according to claim 13, characterized in that the ROR pretreatment is carried out at temperatures of 500° 
to 700°C. 

15. A process for dehydrogenating dehydrogenatable C^o hydrocarbons, preferably C 2 . 5 paraffins, comprising con- 
tacting the hydrocarbons under suitable dehydrogenation conditions in one or more reaction zones with a solid cat- 

25 alyst comprising a Group VIII noble metal, a Group IVA metal, and a mixed magnesium and aluminum oxide carrier, 
characterized by there being used a catalyst according to any of claims 1 to 12. 

1 6. A process according to claim 1 5, characterized in that the dehydrogenation is carried out at a temperature ranging 
from 500° to 700°C, a pressure ranging from 0.5 to 1 .5 bars absolute, and using a space velocity (GHSV) of 10 to 

so 10,000 N ml g" 1 h" 1 . 

17. A process for dehydrogenating dehydrogenatable C 2 . 3 o hydrocarbons, preferably C 2 . 5 paraffins, combined with 
admixture of an oxygen-containing gas, preferably oxygen, comprising contacting the hydrocarbons under suitable 
dehydrogenation conditions in one or more reaction zones with a solid catalyst comprising a Group VIII noble 

35 metal, a Group IVA metal and an inorganic oxide carrier, characterized by there being used a catalyst according 
to any of claims 1 to 12. 

1 8. A process according to claim 17, 

characterized in that the dehydrogenation is carried out at a temperature ranging from 400° to 700°C. a pressure 
40 ranging from 0.5 to 3 bars absolute, and using a space velocity (GHSV) of from 10 to 10,000 N ml g" h* . 



Patentanspruche 

1 . Katalysator, dadurch gekennzeichnet. daB er eine Kombination aus: 

einem Trager, der im wesentlichen aus einem gemischten Oxid von Magnesium und Aluminium Mg(AI)0 
besteht, das im allgemeinen eine MgO-Struktur aufweist, in welcher Al 3 * Kationen einen Teil der Mg + Katio- 
nen ersetzt haben, wobei in dem gemischten Oxid das molare Verhaltnis von Magnesium zu Aluminium im 
Bereich von 1 :1 bis 10:1 liegt; 
einem Edelmetall der Gruppe VIII; 
einem Metall der Gruppe IVA; 

und gegebenenfalls einem Alkalimetall der Gruppe IA aufweist. 

2. Katalysator nach Anspruch 1 , dadurch gekennzeichnet, daB das molare Verhaltnis von Magnesium zu Aluminium 
in dem Mg(AI)0 -Trager im Bereich von 2:1 bis 5:1 liegt. 

3. Katalysator nach Anspruch 1 Oder 2. dadurch gekennzeichnet, daB die Oberf lache des Mg(AI)0-Tragers 1 0 bis 400 
rrfrg, vorzugsweise 100 bis 300 rr^/g, insbesondere 140 bis 210 m 2 /g betragt. 
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4. Katalysator nach einem der AnsprOche 1 bis 3, dadurch gekennzeichnet, daB er: 

0,05 - 5,0 Gew.% Edelmetall der Gruppe VIII. 
0,05 - 7,0 Gew.% Metall der Gruppe IVA, 
- 5 0 - 5.0 Gew.% MetaJI der Gruppe IA, 

berechnet in bezug auf das Gesamtgewicht des Katalysators, enthalt. 

5. Katalysator nach Anspruch 4. dadurch gekennzeichnet. daB er 0.1 - 1 .0 Gew.% Metall der Gruppe I A enthalt. 

10 

6. Katalysator nach Anspruch 4. dadurch gekennzeichnet, daB er: 

0,1 - 1,0 Gew.% Edelmetall der Gruppe VIII, 
0,1 - 3.0 Gew.% Metall der Gruppe IVA, 
15 0 - 0,7 Gew.% Metall der Gruppe IA, 

berechnet in bezug auf das Gesamtgewicht des Katalysators, enthalt. 

7. Katalysator nach Anspruch 6, dadurch gekennzeichnet. daB er 0,3 - 0,7 Gew.% Metall der Gruppe IA enthalt. 

20 

8. Katalysator nach Anspruch 6. dadurch gekennzeichnet, daB er: 

0,2 - 0,4 Gew.% Edelmetall der Gruppe VIII, 
0,3 - 1 .5 Gew.% Metall der Gruppe IVA. 
25 0 - 0,6 Gew.% Metall der Gruppe IA, 

berechnet in bezug auf das Gesamtgewicht des Katalysators, enthalt. 

9. Katalysator nach Anspruch 8, dadurch gekennzeichnet, daB er 0,4 - 0.6 Gew.% Metall der Gruppe IA enthalt. 

30 

10. Katalysator nach einem der AnsprOche 1 bis 9. dadurch gekennzeichnet, daB das Metall der Gruppe IVA Zinn oder 
Germanium, vorzugsweise Zinn, ist. 

1 1 . Katalysator nach einem der AnsprOche 1 bis 1 0. dadurch gekennzeichnet daB das Edelmetall der Gruppe VIII Pla- 
35 tin Oder Palladium, vorzugsweise Platin, ist. 

12. Katalysator nach einem der AnsprOche 1 bis 11, dadurch gekennzeichnet, daB das Alkalimetail der Gruppe 1A 
Casium oder Kalium. vorzugsweise Casium ist. 

40 13. Verfahren zur Herstellung eines Katalysators. der eine Kombination aufweist aus einem Trager, der im weserrtii- 
chen aus einem gemischten Oxid von Magnesium und Aluminium Mg(AI)0 besteht, das im allgemeinen eine MgO- 
Struktur aufweist, in welcher Al 3+ Kationen einen Teil der Mg 2+ Kationen ersetzt haben, wobei in dem gemischten 
Oxid das molare Verhaitnis von Magnesium zu Aluminium im Bereich von 1:1 bis 10:1. vorzugsweise von 2:1 bis 
5:1 liegt; einem Edelmetall der Gruppe VIII; einem Metall der Gruppe IVA; und gegebenenfalls einem Alkalimetail 

45 der Gruppe IA, gekennzeichnet durch die Schritte des Einbringens eines Edelmetalls der Gruppe VIII. eines 
Metalls der Gruppe IVA und gegebenenfalls eines Alkalimetalls der Gruppe IA in einen Trager, der im wesentlichen 
aus einem gemischten Oxid von Magnesium und Aluminium Mg(Al)0 besteht, wobei das molare Verhaitnis von 
Magnesium zu Aluminium im Bereich von 1:1 bis 10:1, vorzugsweise von 2:1 bis 5:1 liegt, und des Unterziehens 
desderart erhaltenen Materials einer Vorbehandlung (ROR-Vorbehandlung), die eine Reduktion, vorzugsweise in 

so Wasserstoff. eine anschlieBende Oxidation, vorzugsweise in Luft, die gegebenenfalls mit Stickstoff gemischt ist, 
und schlieBlich eine zweite Reduktion, vorzugsweise in Wasserstoff. urrtfaBt. 

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet. daB die ROR-Vorbehandlung bei Temperaturen von 500° 
bis 700 °C durchgefuhrt wird. 

55 

15. Verfahren zum Dehydrieren von dehydrierbaren C 2 . 3 o- K o n,enwasserstoffen ' vorzugsweise C^-Paraffinen, bei 
welchemdie Kohlenwasserstoffe urtter geeigneten Dehydrierungsbedingungen in einer oder mehreren Reaktions- 
zonen mit einem festen Katalysator in Kontakt gebracht werden, der ein Edelmetall der Gruppe VIII, ein Metall der 
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Gruppe IVA und einen gemischten Magnesium- und Aluminiumoxidtrager enthalt. dadurch gekennzeichnet, daB 
ein Katalysator nach einem der AnsprOche 1 bis 12 verwendet wird. 

1 6 Verfahren nach Anspruch 1 5, dadurch gekennzeichnet. daB die Dehydrierung bei einer Temperatur im Bereich von 
500° bis 700 °C. einem Druck im Bereich von 0.1 bis 1.5 absoluten Bar und unter Verwendung einer Raumge- 
schwindigkert (GHSV) von 10 bis 10000 N ml g" 1 h" 1 durchgefOhrt wird. 

17 Verfahren zum Dehydrieren von dehydrierbaren C2-30- K o h,enwasserstoffen ' wzugsweise C^-Paraffinen, in 
Kombination mit einer Mischung aus einem sauerstoffhaltigen Gas. vorzugsweise Sauerstoff. bei welchem die 
Kohlenwasserstoffe unter geeigneten Dehydrierungsbedingungen in einer oder mehreren Reaktionszonen mit 
einem festen Katalysator in Kontakt gebracht werden. der ein Edelmetall der Gruppe VIII. ein Metall der Gruppe 
IVA und einen anorganischen Oxidtrager umfaBt. dadurch gekennzeichnet. daB ein Katalysator nach einem der 
Anspruche 1 bis 12 verwendet wird. 

18 Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB die Dehydrierung bei einer Temperatur im Bereich von 
400° bis 700 °C. einem Druck im Bereich von 0.5 bis 3 absoluten Bar und unter Verwendung einer Raumgeschwin- 
digkeit (GHSV) von 10 bis 10000 N ml g 1 rf 1 durchgefOhrt wird. 



Revendications 

1 . Catalyseur caracterise en ce qu'il comprend une combinaison des elements suivants : 

un support constitue essentiellement d'un oxyde mixte de magnesium et d'aluminium Mg(AI)0 ayant de 
maniere generaie une structure de MgO dans laqueNe des cations de Al 3+ ont remplace une partie des cations 
de Mg 2+ , oxyde mixte dans lequel le rapport molaire du magnesium a I'aluminium se situe dans une plage de 
1:1 a 10:1. 

un metal noble du groupe VIII, 

un metal du groupe IVA, et 

en option, un metal alcalin du groupe IA. 

2. Catalyseur selon la revendication 1 , caracterise en ce que le rapport molaire du magnesium a I'aluminium dans le 
support de Mg(AI)0 se situe dans une plage de 2:1 a 5:1 . 

3. Catalyseur selon la revendication 1 ou 2, caracterise en ce que la surface specif ique du support de Mg(AI)0 est de 
10 a 400 m 2 /g, de preference de 100 a 300 nr^/g. mieux encore de 140 a 210 m /g. 

4. Catalyseur selon I'une quelconque des revendications 1 a 3, caracterise en ce qu'il contient : 

0.05 a 5,0% en poids du metal noble du groupe VIII, 
0,05 a 7,0% en poids du metal du groupe IVA. et 
0 a 5.0% en poids du metal du groupe IA, 



calcules par rapport au poids total du catalyseur. 

5. Catalyseur selon la revendication 4, caracterise en ce qu'il contient 0, 1 a 1 .0% en poids du metal du groupe I A. 

6. Catalyseur selon ia revendication 4, caracterise en ce qu'il contient : 

0,1 a 1 ,0% en poids du metal noble du groupe VIII, 
0,1 a 3,0% en poids du metal du groupe IVA, et 
0 a 0.7% en poids du metal du groupe I A, 

calcules par rapport au poids total du catalyseur. 

7. Catalyseur selon la revendication 6, caracterise en ce qu'il contient 0.3 a 0,7% en poids du metal du groupe I A. 

8. Catalyseur selon la revendication 6, caracterise en ce qu'il contient : 
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0,2 a 0.4% en poids du metal noble du groupe VIII, 
0,3 a 1,5% en poids du metal du groupe IVA, 
0 a 0,6% en poids du metal du groupe IA, 

-5 calcules par rapport au poids total du catalyseur. 

9. Catalyseur selon la revendication 8, caracterise en ce qu'il contient 0,4 a 0.6% en poids du metal du groupe IA. 

1 0. Catalyseur selon I'une quelconque des revendications 1 a 9, caracterise en ce que le metal du groupe IVA est de 
io retain ou du germanium, de preference de retain. 

11. Catalyseur selon Tune quelconque des revendications 1 a 10, caracterise en ce que le metal noble du groupe VIII 
est du platine ou du palladium, de preference du platine. 

is 12. Catalyseur selon Tune quelconque des revendications 1 a 1 1 , caracterise en ce que le metal alcalin du groupe I A 
est le cesium ou le potassium, de preference le cesium. 

1 3 Procede de preparation d'un catalyseur comprenant une combinaison d'un support constitue essentiellement d'un 
" oxyde mixte de magnesium et d'aluminium Mg(AI)0 ayant de maniere generale une structure de MgO dans 
laquelle des cations de Al 3+ ont remplace une partie des cations de Mg 2+ , oxyde mixte dans lequel le rapport 
molaire du magnesium a I'aluminium se situe dans une plage de 1 :1 a 10:1 , de preference de 2:1 a 5:1 ; d'un metal 
noble du groupe VIII; d'un metal du groupe IVA; et, en option, d'un metal alcalin du groupe IA, caracterise par les 
etapes consistent a incorporer un metal noble du groupe VIII. un metal du groupe IVA et. en option, un metal alcalin 
du groupe IA a un support constitue essentiellement d'un oxyde mixte de magnesium et d'alummium Mg(AI)0, 
oxyde mixte dans lequel le rapport molaire du magnesium a I'aluminium se situe dans une plage de 1 :1 a 1 0:1 , de 
preference de 2:1 a 5:1 . et a soumettre le materiau ainsi obtenu a un pre-traitement (pre-traitement ROR) compre- 
nant une reduction, de preference dans de I'hydrogene, suivie d'une oxydation, de preference dans de l air even- 
tuellement melange a de I'azote. et enfin d'une seconde reduction, de preference dans de I'hydrogene. 

14. Procede selon la revendication 13, caracterise en ce que le pre-traitement ROR est realise a des temperatures de 
500 a 700°C. 

15. Procede de deshydrogenation d'hydrocarbures en C 2 -C 30 deshydrogenables. de preference des paraffines en C 2 - 
C 5 comprenant la mise en contact des hydrocarbures. dans des conditions de deshydrogenation appropriees dans 

35 une ou piusieurs zones reactionnelles, avec un catalyseur solide comprenant un metal noble du groupe VIII, un 
metal du groupe IVA et un support mixte d'oxyde de magnesium et d'aluminium. caracterise en ce qu'on utilise un 
catalyseur selon I'une quelconque des revendications 1 a 12. 

16. Procede selon la revendication 15. caracterise en ce que la deshydrogenation est realisee a des temperatures de 
500 a 700°C. sous une pression absolue de 0.5 a 1,5 bar et en utilisant une vitesse spatiale (GHSV) de 10 a 10 
000 N ml g" 1 h _1 . 

1 7 Procede de deshydrogenation d'hydrocarbures en Cs-Cao deshydrogenables, de preference des paraffines en C 2 - 
C 5 combines a un melange d un gaz contenant de I'oxygene, de preference de I'oxygene. comprenant la mise en 
contact des hydrocarbures, dans des conditions de deshydrogenation appropriees dans une ou piusieurs zones 
reactionnelles, avec un catalyseur solide comprenant un metal noble du groupe VIII, un metal du groupe IVA et un 
support d'oxyde mineral, caracterise en ce qu'on utilise un catalyseur selon Tune quelconque des revendications 1 
a 12. 

18. Procede selon la revendication 17, caracterise en ce que la deshydrogenation est realisee a une temperature de 
400 a 700°C. sous une pression absolue de 0.5 a 3 bars et en utilisant une vitesse spatiale (GHSV) de 10 a 10 000 
Nml g- 1 h* 1 . 
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